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In Romania, Lymantria dispar is a defoliator with a high injury potential that produces strong and frequent 
gradations in Querqus forests in mixture with beech. The research concerning Lymantria dispar infestation was carried 
out by in brushes from Herculane Baths County, with gradations of the defoliator in numerical growth and eruption 
phases. The statistical data were processed by using the Discriminative Analysis. It  has put into evidence the influence 
of stationed and brushes properties on the appearance and development of gradations. Strong infestations dominate 
brushes with a reduced consistency (0.4 – 0.7) and included in larger age classes. In eruption phase, one evidences the 
extension tendency on the altitude of infestations (advancing towards the versant, strongly inclined) and in brushes with 
a larger participation of beech, situated in different age classes and middle-superior production classes, with a more 
vigorous vegetation stage. 
 





Lymantria dispar is one of the species of 
defoliator insects that, over time, produced 
numerous gradations in Querqus forests from our 
country, sometimes extending even in mixture 
forests of Querqus with beech. It is the case of 
gradations from year 1963 - 1965 [4] when 
Lymantria dispar infested approximately 100 
thousand ha oak forests in mixture with beech from 
the area of Danube clisure (towns: Orşova, 
Berzeasca, Moldova Nouă, Mehadia, Băile 
Herculane) and the gradation from northern Oltenia, 
in years 1987 - 1988 [6], without producing 
significant defoliations in pure beech forests from 
their immediate proximity. 
 
* Corresponding author.  




In the last time, more precisely starting with 
generation 2004/2005, strong infestations with 
Lymantria dispar were signaled also in pure beech 
forests, initially in forests from area Orşova - 
Berzasca  – Herculane, and in generation 
2005/2006, in pure beech forests or in those wherein 
beech participated in mixture, situated in the north-
western part of the country (counties Ulmeni and 
Satu Mare). In some pure beech forests from the 
area Orşova - Berzasca – Herculane, strong 
infestations from years 2005 and 2006 have ended 
with the production of total defoliations on 
approximately 2500 ha [1, 5]. 
Until present times, in the country and abroad, 
no consistent research was made regarding the 
dinamics of populations and the injuries produced 
by Lymantria dispar in beech forests. Out of this 
reason, the specialty literature resumes only at the 
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citation of some infestations produced by the 
defoliator over time. 
Taking into conideration the high injury 
potential of this insect, as well as the fact that beech 
brushes infested in period 2004 - 2006 were 
considered stable from ecological point of view, in 
the present paper, we intend to analyse the favorable 
natural factors of appearance and development of 
defoliators gradations. 
The aim of the research is connected with the 
fundamentation of measures that can be integrated 
in forest management of beech and that contributes 
to the establishment of ecosystems. 
 
2. Material and Method 
 
In order to follow the evolution of defoliators 
gradations in time and space, obervations were 
made regarding the quality and quantity properties 
of gradations, even from the appearance of first 
gradations in beech forests (in year 2004).  
Dinamics of infestations was put into notice 
in the chart, by map editing. 
The level of infestations (on intesity scale), as 
well as the gradations phase in beech brushes 
infested with Lymantria dispar were established in 
function of quality properties (the density of 
depositions in forest planning unit) and quality 
gradations (fecundity, parasitation percentage and 
egg sterility, gradation phase) obtained by us 
through laboratry analysis. 
We considered that, from factors that 
competed at the appearance and evolution of 
gradations produced by defoliator Lymantria dispar, 
the most important are those regarding structural 
properties (composition, leveling, consistency) and 
quality properties of brushes (regeneration way, 
age, production class, vegetation stage).  
As a natural way, to those added stationed 
properties (land shape, exposure, inclination, 
altitude, soil type) [3]. 
The data extracted from forest planning of 
counties Orşova, Băile Herculane, Berzeasca, 
Mehadia and Ulmeni, regarding stational and brush 
properties specific to each forest planning unit, 
sampled from point of view of infestations degree 
were worked out statistically using the 
Dicriminative Analysis.  
Within the statistic model, stational and brush 
properties were considered as independent variables 
that influence the infestation degree.  
The infestation degrees determined for each 
forest planning unit in part were grouped in 3 
classes, in function of the infestation intensity (S - 
weak: 0-25%; M - average: 26-70%; P - strong: over 
71%).  
 These independent variables were condified 
this way:  
         
        RLF – Land shape:  1 - versant; 2 – lower 
versant; 3 – middle versant ; 4 – upper versant; 
        EXP - Exposure : 1 - S; 2 - SV; 3 - SE; 4 - V; 5 
- E; 6 - NV; 7 - NE; 8 - N; 
        INC – Land inclination: slope (%); 
        ALT - Altitutude (m);  
        CONS - Consistency (in tenths); 
        CLP – Production class; 
        VRS - Age (years); 
        NR.SP – Number of species in brush 
composition: 1, 2, 3, 4, 5 species; 
        VIT – Brush vitality : 1 - very vigorous; 2 - 
vigorous; 3 - normal;  
      4 - sweak; 5 – very weak; 
        SOL – Soil type (codified with numbers from 1 
to 22);  
        MRG – Regeneration way: 1 - seed, 2 - 
sowage, 3 - plantation, 4 - cutting, 
        5 - sade,  6 - scion, 7 - drajons. 
        % Fa – the proprotion of participation of beech 
in brush composition 1: 90-100% Fa; 2: 70-80% Fa; 
3: 50-60% Fa; 4: 30-40% Fa; 5: 10-20% Fa. 
 
The Discriminative Analysis applied to all 
brushes in whose composition entered beech, 
infested with Lymantria dispar, put into evidence 
the influence of each factor on the infestation 
degree. In the present paper are presented just 
obtained results in case of beech forests within 
county Herculane Baths.  
 
3. Results and Discussions 
 
3.1. The appearance and evolution of gradations 
of defoliator Lymantria dispar in beech forests  
 
In the south-western part of the country, 
Lymantria dispar was signaled starting with year 
2001 (counties New Moldavia, OraviŃa and 
Herculane), but gradations did not reach the 
numerical growth phase, and infestations were very 
weak. Starting with generation 2004 - 2005, 
Lymantria dispar produced mass multiplication in 
mixture brushes of oak with beech and in pure 
beech brushes (fig. 1) from the south western 
(counties: Herculane, Orşova and Berzeasca) and 
the north western part (Ulmeni Forest district). 
Quality properties determined by us show that 
generation 2004 - 2005 was in numerical growth 
phase (fig. 2). 
In this generation, the fecundity of the 
defoliator was in between 400 and 1000 
eggs/deposition, and the activity of  egg parasites 
and predators did not overcome 3%. The largest 




depositions were registered in pure beech forests 
situated in the immediate proximity of oak-beech 
forests from the area (fig. 3). 
 
 
Figure 1. Areas with mass multiplication of defoliator 
Lymantria dispar in beech forests,  




























Figure 2. The evolution of quality properties of gradations 
of defoliator L. dispar in period 2004 - 2006, in beech 








Figure 3. Lymantria dispar on beech: A – Egg 
depositions; B – Caterpillars after egg deposition - on 
mirror, ( Herculane Baths, July 2005) - Foto: R.Tomescu 
 
Infestations have reached a surface of 12,637 
ha, out of which approximately 4,434 ha mixture 
brushes with beech and 1,200 ha pure beech 
brushes. 
 
Table 1. The evolution of infestations with Lymantria 
dispar in beech brushes, in period 2004 - 2006  
 
















Berzeasca 829 353 4 608 2 330 
Moldova 
Nouă 241 165 579 263 
Mehadia 88 26 322 76 
Băile 
Herculane 2 403 1 775 2 996 2 252 
Ulmeni - - 4 761 2 967 
Orşova 9 076 2 115 23 905 7 743 
GENERAL 
SUM 12, 637 4,434 37, 171 15,631 
% 100 35.1 100 42.1 
 
 
The density of caterpillars populations did 
not overcome, by sides, 3 - 4 times the critical 
numbers, so that partial or total defoliations took 
place on approximately 2,500 ha, as well as in 
mixture brushes with beech, and in pure beech 
brushes (fig. 4). 
 
 






































Figure 4. Defoliations produced by Lymantria dispar in 




In period 2005 - 2006, the defoliators 
gradations continued its rising evolution.  
From the egg deposited in year 2004, resulted 
vigorous caterpillars, that in spring of year 2005 
benefited of favorable conditions of food and 
environment (relatively low densities of 
populations, sufficient food, favorable climatic 
conditions on the development period, reduced 
activity of natural enemies). 
Not the same happened in outbreaks with 
large caterpillars densities, in which, in spring of 
year 2005, total defoliations took place. Herein, 
insufficient food for caterpillars, associated with the 
appearance of some limitative biotical factors 
(parasites, predators, microorganisms) have led to 
the reduction of defoliators population strength, at 
the registration of sub-unit multiplication 
coefficients and the configuration of a falling 
tendency of populations from generation 2005 - 




























Figure 5. The evolution tendency of gradations of 
defoliator L. dispar 
 (Herculane Baths County, 2004 - 2006) 
 
 
As a whole, due to large multiplication 
coefficients resulted in case of outbreaks with 
vigorous populations (descendents of generation 
2004 - 2005), the populations of generation 
2005/2006 have registered an explosion, as well as 
regarding the growth of the students number, and of 
the infested surfaces. The infested surfaces have 
grown at approximately 37 000 ha, and the density 
of the population on trees has overcome from 1.5 - 2 
the critical numbers. On the other side, in the 
eruption phase, the fecundity has fallen at 150 - 450 
eggs/deposition, on the background of some 
overpopulations, in larval and poop stage, the 
parasitation percentages have raised. Even if in 
summer of year 2006 defoliations took place, these 
had an amplitude that was under that registered in 
year 2005.  
 This rising evolution of gradations has been 
stopped suddenly in generation 2006-2007, with the 
substantial contribution of limitative biotical factors, 
whose activity has started to be put into evidence 
from year 2004 - 2005, especially in strong 
outbreaks. Viral outbreaks had a major role 
regarding the entrance of the defoliator in latency.  
As an example of the infestations evolution of 
defoliator L. dispar, in space and time, in brushes 
from U.P. III Cerna, Herculane Baths Forest district, 
situated on the right versant of Cerna Valley (fig. 6). 
At start, strong infestations have been 
situated with preponderancy in the lower half of the 
versant, including mixture brushes of oak with 
beech, and pure beech brushes or almost pure. These 
infestations had as a result the production of some 
partial or total defoliations, on significant surfaces. 
In the next generation, by entering the eruption 
phase, infestations have included the whole versant, 




dominating strong and very strong infestations, 










Figure 6. The evolution of infestations with L. dispar in 
brushes from U.P. III. Cerna, Herculane Baths, 
 in period 2004 - 2006  
yellow – infestations < 10 %; pink – infestations 11-25 %; green– 
infestations 26-50 %; light blue – infestations 51-90 %; dark blue – 
infestations  > 90 %. 
 
Forecasted defoliations were not 
accomplished as a result of a very intense activity of 
insects (parasites and predators) and of the action of 
virus outbreak in the last larval stages, that 
contributed to a drastic falling of the initial 
population (fig. 7). 
Besides limitative biotical factors, the unfit 
food for caterpillars of L. dispar (made especially 
out of leaf of beech) and the unfavorable weather 
conditions from the active period of the insect, 
contributed to a weakening of the physiological 
potential of the defoliators population and at a 
shortage of the gradation with at least one year, by 




















Figure 7. Limitative biotical factors for Lymantria dispar: 
A - larva of Calosoma sycophanta that ingerates eggs 
from female abdomen; B – Dead caterpillars on the stem 
due to the infection produced by the virus (VPN) 
 
 
3.2. The analysis of favorable conditions of 
appearance and development of gradations by 
Lymantria dispar in beech forest  
 
The discriminative analysis, applied step by 
step on data regarding the infestations registered in 
generation 2004 - 2005 in brushes from Herculane 
Baths Forest district, included in the statistic model 
just 10 varaibles out 12 considered initially in the 
experiment (table 2). The statistic model, obtained, 
has a significant discriminative power on the 
infestation degree of the brush (Wilks Lambda 
0.57435 with a  level of significance very large  p < 
0.00000 at F (20.278) = 4.4411)  
The analysis of the discriminative functions 
has shown that, from the variables left in the model, 
the largest capacity of discrimination has the 




proportion of participation of beech in the brush 
composition - % Fa – with a level of significance (p-
level) of 0.00001, followed by the „consistency” 
variable (0.000533) and the „age” of the brush 
(0.030686).  
 
Table 2. Discriminant Function Analysis Summary (OS 
Herculane 2004 - 2005). Step 10, N of vars in model: 10; 
Grouping: infestation 3 grps). Wilks' Lambda: 0.57435 
approx. F (20,278) = 4.4411, p < 0.0000) 






%Fa 0.672 0.854 11.843 0.00001 0.426 0.573 
CONS 0.640 0.897 7.959 0.00053 0.659 0.340 
VRS 0.603 0.951 3.572 0.03068 0.776 0.223 
EXP 0.593 0.968 2.291 0.10490 0.866 0.133 
INC 0.599 0.958 3.017 0.05216 0.592 0.407 
NR.SP 0.607 0.946 3.966 0.02111 0.475 0.524 
MRG 0.596 0.962 2.691 0.07130 0.835 0.164 
SOL 0.588 0.976 1.706 0.18519 0.771 0.228 
RLF 0.583 0.984 1.125 0.32753 0.793 0.206 
VIT 0.583 0.984 1.124 0.32781 0.868 0.131 
 
In order to find out the discriminative way of 
the varaibles that entered the model between 
different considered infestation classes, the 
canonical analysis was made with help of the Chi2 
test, determening the significant discriminative 
functions (”roots”) from the statistic point of view 
(table 3). 
 
Table 3. Chi-Square Tests with Successive Roots 






Sqr. df p-level 
0 0.4658 0.563 0.574 79.572 20 0 
1 0.187 0.397 0.841 24.694 9 0.003 
 
  
The calculation of the coefficients of the two 
discriminative functions (roots) has allowed the 
identification of the variable that contributed with 
the largest prepondarency at each of these roots, as 
well as the variance quantity explained by each root, 
from the discriminative capacity of the statistic 
model (table 4). 
One notices that ”root 1” has a weight in 
explaining the models variance of approximately 
71% (Cum. Prop. = 0.712), and after adding ”root 
2” the discriminative power of the model reaches 
100% (Cum. Prop. = 1,00). Also, one notices that 
”root 1” correlates best with the variable ”beech 
participation percentage” (%Fa = 0.682), and ”root 
2” correlates with the „brushes consistency” (Cons. 
= 0.454). One can say that these two variables are 
determined by infesting the brush through diverse 
intensity degrees. At explaining the total variance of 
the statistic model participate two other variables, 
but their weight is smaller. 
 
Table 4. Standard coefficients for canonical variables and their 
correlation with roots Forest district Herculane 2004 – 2005 
Standardized Coefficients  
for Canonical Variables 
(Forest district Herculane 2004-2005) 




variable Root 1 Root 2 Root 1 Root 2 
%FA 0.620 1.177 0.682 0.243 
CONS -0.279 0.910 -0.473 0.454 
VRS 0.291 0.477 0.018 0.245 
EXP -0.314 0.183 -0.452 -0.009 
INC 0.036 0.664 0.268 0.046 
NR. SP 0.172 -0.810 0.426 -0.179 
MRG -0.366 0.110 -0.165 0.146 
SOL -0.215 0.320 -0.182 -0.101 
RLF -0.189 0.234 -0.165 0.090 
VIT 0.237 -0.046 0.344 -0.084 
Eigenval 0.465 0.187   
Cum.Prop 0.712 1.000   
 
The position occupied by each sampled 
brush from point of view of the infestation degree, 
in comparison with the two roots, resulted from the 
analysis (root 1 vs. root 2), can be identified on the 




Figure 8. The discriminative way of roots between 
infestation classes, forest district Herculane 2004 - 2005 
 
One notices that root 1, strongly correlated 
with the proportion of beech participation, 
determines a significant differentiation of brushes 
from point of view of the infestation intensity. So, 
brushes wherein beech has a reduced participation 
are strongly infested (green ellipse with centred 
coordinates +1.1775 and -0.7618), whereas those in 
which beech is better represented are weakly 
infested (red ellipse with centred coordinates -
0.4563 and -0.0427). 
Root 2, being strongly correlated with 
consistency, determines a differentiation of brushes 
from point of view of the infestations, especially, in 
case of strong infestations. Taking into 
consideration the result of this analysis, applied for 
the stage of numerical growth of gradation (2004 - 
2005), one can say that infestations in beech forests 




can appear after, previously, strong infestations are 
registered in oak forests or mixture forests of oak 
with beech, with a weak participation of beech, with 
a reduced consistency (0.4 – 0.7) and included in 
larger age classes. 
For infestations from generation 2005-2006 
(eruption phase), the same type of analysis makes 
clear the fact that infestations had an extension 
tendency in altitude (ALT with p-level=0.003) also 
in brushes wherein the beech participation 
proportion rises (%Fa with p-level=0.205), situated 
in diverse age classes (VRS with p-level=0.001), as 
well as in middle- inferior classes, situated on 
diverse land shape and inclinations (table 5).   
 
Table 5. Discriminant Function Analysis Summary 
(Forest district Herculane 2005-2006) Step 9, N of vars in 
model: 9; Grouping: infestation (3 grps) Wilks' Lambda: 
.553 approx. F (18.280) = 5.3501 p< 0.00001 
variable Wilks' Partial F-remove p-level Toler. 1-Toler. 
ALT 0.599 0.923 5.787 0.003 0.772 0.227 
VIT 0.577 0.959 2.961 0.055 0.853 0.146 
VRS 0.606 0.913 6.619 0.001 0.751 0.248 
CONS 0.593 0.932 5.057 0.007 0.705 0.294 
INC 0.618 0.895 8.186 0.001 0.525 0.474 
CLP 0.621 0.890 8.619 0.000 0.535 0.464 
RLF 0.590 0.937 4.656 0.011 0.702 0.297 
NR.SP 0.567 0.974 1.805 0.168 0.427 0.572 
%FA 0.566 0.977 1.599 0.205 0.520 0.479 
 
This time, the two discriminative functions 
(roots), proven to be statistically significant through 
the canonical analysis (table 6), have been 
correlated best with the medium altitude of brushes 
(root 1 with r = -0.533), respectively with the brush 
vitality (root 2 with r = 0.573). 
 
Table 6. Standard coefficients for canonical variables and 
their correlation with roots forest district Herculane 2005 
- 2006 
Standardized Coefficients  
( Herculane 2005-2006) 
for Canonical Variables 




variable Root 1 Root 2 Root 1 Root 2 
ALT -0.585 -0.172 -0.533 -0.179 
VIT 0.046 0.438 0.011 0.573 
VRS 0.649 -0.099 0.420 -0.323 
CONS 0.576 -0.165 0.256 -0.287 
INC -0.197 -0.878 -0.007 -0.160 
CLP 0.656 0.604 0.080 0.473 
RLF 0.521 -0.257 0.177 -0.161 
NR. SP 0.441 0.165 0.126 0.345 
%FA -0.338 0.225 -0.190 0.496 
Eigenval 0.364 0.323   
Cum.Prop 0.529 1.000   
 
The discriminative way of roots between 
infestation classes, considered in the experiment, 
can be followed in the diagrame from figure 9. One 
ascertains that, in this gradation phase, strong 
infestations have the tendency to include all the 
brushes situated on the entire versant, as well as in 




Figure 9.  The discriminative way of roots between 




In Romania, Lymantria dispar is a defoliator 
with a high injury potential that produces strong and 
frequent gradations in Querqus forests. 
After year 1963, the defoliator also infested 
Querqus forests in mixture with beech, and in the 
last 10 years, in the south-western and north-western 
part of the country, it produced gradations in pure 
beech forests, considered stable ecosystems from 
ecological point of view. In the infested surfaces, 
total or partial defoliations registered, on large 
surfaces, that affected the physiological stage of 
brushes and had a negative impact (ecological and 
socio-economical) on the ecosystems taken into 
consideration. 
The dinamics of Lymatria dispar populations 
is influenced by internal factors, that are connected 
with the species properties, and by external factors, 
of abiotical and biotical nature. To these adds the 
brushes properties (composition, structure, age and 
especially vegetation stage). 
The structure and quality properties of 
brushes, as well as the stational conditions constitute 
important factors in the appearance and evolution of 
gradations of Lymantria dispar. 
The research carried out by us in brushes from 
Herculane Baths County, with gradations of the 
defoliator in numerical growth and eruption phases, 
as well as the statistical processing of data by using 
the Discriminative Analysis has put into evidence 
the influence of stationed and brushes properties on 
the appearance and development of gradations. 
According to the obtained results, the proportion 
of participation of beech in the brushes composition, 




consistency, age and brush vitality, as well as the altitude 
determine, on a large measure, the level of infestations. 
So, in numerical growth phase, the brushes 
wherein beech has a reduced participation are 
stronger infested then those wherein beech detains 
the preponderancy. Infestations in beech forests 
appear after, previously, strong infestations register 
in oak brushes or oak in mixture with beech, with a 
weaker participation of beech. Strong infestations 
dominate brushes with a reduced consistency (0.4 – 
0.7) and included in larger age classes. In eruption 
phase, one evidences the extension tendency on the 
altitude of infestations (advancing towards the 
versant, strongly inclined) and in brushes with a 
larger participation of beech, situated in different 
age classes and middle-superior production classes, 
with a more vigorous vegetation stage. 
Regarding the evolution in time of gradations 
of Lymantria dispar, innocuous phase lasted 3 years 
(2001 - 2003), release phase lasted 2 years (2004 - 
2005), and the outbreak phase lasted one year 
(generation 2005 - 2006). In this interval of time, 
the surface of infested beech forests raised from 
approximately 4,500 ha (in numerical growth phase) 
to approximately 15,700 ha (in eruption phase). 
Besides the Querqus phase, one ascertains that in 
beech forests the length of gradations reduced itself 
with at least one year by the defoliators enter in the 
latency phase, directly from the eruption phase, 
without passing through the obvious crisis phase. 
The shortage of the gradation was caused, mainly, 
by unproper food for caterpillars (made primarely 
out of beech leafs) and by the harsh environmental 
conditions from the active period of the insect, that 
contributed to the weakening of the physiological 




















By the entrance of the defoliator in the latency 
phase also contributed limitative biotical factors 
(parasites, predators, microorganisms) whose 
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